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METHOD AND APPARATUS TO ENABLE 
JOB STREAMING FOR A SET OF 
COMMONLY SHARED RESOURCES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

The present application is related in subject matter to and 
cross-referenced With US. patent application Ser. No. 
09/450,145, entitled Method and apparatus for managing job 
contention for system resources in an electronic repro 
graphic system Where images are multi-banded, ?led by 
Salgado et al., US. patent application Ser. No. 09/450,151, 
entitled METHOD AND APPARATUS TO ENABLE PRO 
CESSING MULTIPLE CAPABILITIES FOR A SUB-JOB 
WHEN USING A SET OF COMMONLY SHARED 
RESOURCES, ?led by Salgado et al., US. patent applica 
tion Ser. No. 09/450,147, entitled METHOD AND APPA 
RATUS FOR PROCESSING A HIGH PRIORITY 
RESOURCE REQUEST IN A SYSTEM USING A SET OF 
SHARED RESOURCES, ?led by Salgado et al., US. patent 
application Ser. No. 09/450,150, entitled METHOD AND 
APPARATUS TO OPTIMIZE TRANSITION OF 
RESOURCES FROM A LOWER PRIORITY TO A 
HIGHER PRIORITY JOB, ?led by Salgado et al., US. Pat. 
No. 6,501,559, entitled METHOD AND APPARATUS TO 
IMPROVE SYSTEM CONCURRENCY FOR A JOB 
USING A SET OF COMMONLY SHARED RESOURCES 
SUCH THAT A SPECIFIC RESOURCE IS USED ONLY 
FORAPORTION OF THE JOB, ?led by Salgado et al., US. 
patent application Ser. No. 09/450,148, entitled METHOD 
AND APPARATUS TO IMPROVE SYSTEM CONCUR 
RENCY FOR A JOB USING A SET OF COMONLY 
SHARED RESOURCES SUCH THAT A SPECIFIC 
RESOURCE IS USED ONLY FOR A PORTION OF THE 
JOB, ?led by Salgado et al. Which applications, eXcept for 
US. patent application Ser. No. 09/450,145, Were ?led on 
the same day as the present Application. The disclosures of 
the above-mentioned applications are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to a multifunctional print 

ing system With one or more queues and, more particularly, 
to a job contention management architecture Which manages 
the printing system’s resources among multiple jobs With 
improved job streaming. 

2. Brief Description of Earlier Developments 
Electronic printing systems typically include an input 

section, sometimes referred to as an input image terminal 
(“IIT”), a controller, and an output section or print engine, 
sometimes referred to as an image output terminal (“IOT”). 
In one type of electronic printing system, manufactured by 
Xerox@ Corporation, knoWn as the DocuTech® electronic 
printing system, a job can be inputted to the printing system 
from, among other sources, a netWork or a scanner. An 
eXample of a printing system With both netWork and scanner 
inputs is found in the folloWing patent: 
US. Pat. No. 5, 170,340 
Patentees: Prokop et al. 
Issued. Dec. 8, 1992 
When a scanner is employed to generate the job, image 

bearing documents are scanned so that the images therein 
are converted to image data for use in making prints. When 
a netWork is used to generate the job, a stream of data, 
including various job related instructions and image data, 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

2 
eXpressed in terms of a page description language is 
captured, decomposed and stored for printing. As is knoWn, 
a netWork job can have its origin in a remote client, such as 
a Workstation, or a print server With a storage device. Jobs 
provided at the IIT may be stored in a memory section, 
sometimes referred to as “electronic precollation memory”. 
An eXample of electronic precollation memory may be 
found in the folloWing patent: 
US. Pat. No. 5,047,955 
Patentees: Shope et al. 
Issued: Sep. 10,1991 
US. Pat. No. 5,047,955 discloses a system in Which input 

image data of a job is rasteriZed and compressed. The 
compressed, rasteriZed image data is then stored, in collated 
form, in a job image buffer. Once the job has been stored in 
the job image buffer, a selected number of job copies can be 
decompressed and printed Without further job rasteriZation. 

In one area related to electronic printing, namely digital 
copying, a demand for “multifunctionality” continues to 
groW. As illustrated by the folloWing patent, a multifunc 
tional digital copier can assume the form of an arrangement 
in Which a single electrostatic processing printer is coupled 
With a plurality of different image input devices, With such 
devices being adapted to produce image related information 
for use by the printer. 
US. Pat. No. 3,957,071 
Patentee: Jones 
Issued: Jul. 27, 1971 
US. Pat. No. 3,957,071 discloses that the image related 

information, in one eXample, could have its origin in video 
facsimile signals, micro?lm, data processing information, 
light scanning platens for full siZe documents, aperture cards 
and micro?che. 
The folloWing patents also relate to the area of multifunc 

tional digital copying: 
US. Pat. No. 4,821,107 
Patentees: Naito et al. 
Issued: Apr. 11, 1989 
US. Pat. No. 5,021,892 
Patentees: Kita et al. 
Issued: Jun. 4, 1991 
US. Pat. No. 5,175,633 
Patentees: Saito et al. 
Issued: Dec. 29, 1992 
US. Pat. No. 5,223,948 
Patentees: Sakurai et al. 
Issued: Jun. 29, 1993 
US. Pat. No. 5,276,799 
Patentee: Rivshin 
Issued: Jan. 4, 1994 
US. Pat. No. 5,307,458 
Patentees: Fr eiburg et al. 
Issued: Apr. 26, 1994 

Multifunctional copying devices are typically adapted to 
store a plurality of jobs for eventual printing. In one 
eXample, jobs are ordered for printing in an arrangement 
referred to as a “print queue”. Xerox NetWork Systems have 
employed the concept of the print queue for at least a decade 
to manage jobs at netWork printers. Further teaching regard 
ing netWork printing is provided in the folloWing patent: 
US. Pat. No. 5,436,730 
Patentee: Hube 
Issued: Jul. 25, 1995 
The concept of a print queue is integral to the operation 

of various digital reproduction systems. Through appropri 
ate queue management, a job currently in the process of 
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being printed can be interrupted With an interrupt job in a 
manner disclosed by the following: 
US. Pat. No. 5,206,735 
Patentees: Gauronski et al. 
Issued: Apr. 27, 1993 

Referring particularly to the ’735 patent, a special job is 
obtained from a mass memory, shoWn by Way of a “job ?le”, 
and inserted into the queue at a “logical point” With respect 
to the job currently being processed. When printing reaches 
the logical point at Which the special job Was inserted, the 
job currently being processed is interrupted so that the 
special job is processed. Upon completion of the processing 
of the special job, processing of the interrupted job is 
resumed. The queue disclosed in the ’735 patent is managed, 
in the normal case, on a ?rst-come-?rst-serve (“FIFO”) basis 
except When special or interrupt jobs are inserted into the 
queue. In the illustrated embodiment of the ’735 patent, the 
interrupt job is inserted into the queue as described above 
except When an interrupt job is currently in the process of 
printing. When an interrupt job is currently printing, a 
second interrupt job is placed behind the interrupt job in 
process. Essentially, priority is given to the interrupt job 
currently in process. The concerns associated With interrupt 
ing a ?rst interrupt job With a second interrupt job are also 
addressed in the folloWing patent: 
US. Pat. No. 5,535,009 
Patentee: Hansen 
Issued: Jul. 9, 1996 

The queue management arrangement of the ’735 patent is 
not optimally suited for use in a multifunctional context 
because it does not differentiate among job types for the 
purpose of managing the queue. Consequently, a print job 
cannot, in many common instances, be given priority over a 
copy job, or vice versa. Systems particularly Well suited for 
use With a multifunctional printing systems are disclosed by 
the folloWing references: 
US. Pat. No. 4,947,345 
Patentees: Paradise et al. 
Issued: Aug. 7, 1990 
Japanese Application 58-152821 
Published: Aug. 22, 1983 

Referring particularly to the ’345 patent, a ?rst queue is 
used to store copy and print jobs, While a second queue, 
communicating With the ?rst queue, is used to store fac 
simile (“fax”) jobs in parallel With the ?rst queue. After a 
pre-selected number of one or more fax jobs is stored in the 
second queue, the stored job(s) is placed in front of the jobs 
of the ?rst queue so that the one or more fax jobs can be 
printed ahead of the currently queued copy/print jobs. While 
the queue management scheme of the ’345 patent accom 
modates for job differentiation, it only does so in a limited 
manner. For instance, the fax queue can be given preferential 
treatment relative to the copy/print queue, so that one or 
more fax jobs can be printed ahead of a copy or print jobs. 
No mechanism for treating a given copy or print job 
preferentially, hoWever, is suggested. Even though US. Pat. 
No. 5,511,150 to Beaudet et al. (Issued Apr. 23, 1996) 
accommodates for preferential treatment of copy jobs rela 
tive to print jobs, it does not do so in a queue context as 
discussed in the references above. Additionally, in the 
approach of the ’345 patent, a copy or print job can get 
“stuck” in the copy/print job queue When multiple fax jobs 
are given preferential processing treatment relative to the 
copy/print jobs 
US. Pat. No. 5,113,355 
Patentee: Nomura 
Issued: May 12, 1992 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

4 
Referring to the 355 patent, it discloses a printer control 

system for enabling queue identi?ers, Which identify differ 
ent print jobs, to be sorted such that those queue identi?ers 
identifying print jobs Which require fonts that are already 
loaded in the print server are placed at the head of a print list, 
and those queue identi?ers identifying print jobs Which 
require fonts that are not loaded in the print server are placed 
at the end of the print list. The print jobs are then processed 
in the order that the queue identi?ers appear on the print list. 
When a print job to be processed requires fonts that are not 
loaded into the system a message is displayed on a display 
unit in order to inform the operator Which fonts need to be 
loaded into the system. 
US. Pat. No. 5,327,526 
Patentee: Nomura et al. 
Issued: Jul. 4, 1994 

Referring to the 526 patent it discloses a print job control 
system Which processes print requests to set an order of 
priority for printing print jobs. A print job manager checks 
the print request and determines What print option is selected 
and manipulates the queue identi?ers associated With 
respective print jobs and enters them into a print queue table. 
One feature alloWs changing the print order thereby over 
riding the designated print option. Another feature alloWs for 
increasing the priority of loW priority jobs regardless of the 
designated print option assuring that the loW priority jobs 
Will be printed. 
US. Pat. No. 5,377,016 
Patentee: KashiWagi et al. 
Issued: Dec. 27, 1994 

Referring to the 016 patent there is disclosed a control 
circuit Which receives advance data representing a prede 
termined number of copy jobs to be provided from a scanner 
and data representing a predetermined number of print jobs 
to be provided from external equipment. The control circuit 
causes each of the copy jobs and print jobs on the basis of 
such data to be queued, and the jobs to be processed in a time 
divisional and parallel manner. Basically, the control circuit 
gives higher priority to the copy job. The priority order can 
be changed according to an instruction from a user interface. 
When a current job has been suspended, the control circuit 
causes a succeeding job to be processed earlier. 
US. Pat. No. 5,923,826 
Patentee: GrZenda et al. 
Issued: Jul. 13, 1999 

Referring to the 826 patent there is disclosed a printing 
system comprising a digital reproduction system communi 
cating With a remote document processing station by Way of 
a print server. The printing system includes a ?rst queue of 
?rst jobs to be executed With the digital reproduction system 
maintained at the print server and a second queue of second 
jobs to be executed With the digital reproduction system 
maintained at the digital reproduction system. The printing 
system further includes a queue process communicating 
With both the ?rst and second queues for forming a com 
posite queue to re?ect an order in Which the ?rst and second 
jobs of the ?rst queue and the second queues are to be 
executed With the digital reproduction system. A represen 
tation of the composite queue is then displayed at a user 
interface disposed at the remote document processing sta 
tion. 
US. Pat. No. 5,970,224 (Atty. Docket No. D/94871Q) 
Applicant: Salgado et al. 
Pending 
A method is provided for a multifunctional printing 

system in Which a ?rst job, developed at a ?rst service, and 
a second job, developed at a second service are placed in a 
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queue for processing. A?rst value is assigned to the ?rst job 
and a second value is assigned to the second job, With the 
?rst and second values varying in magnitude as a function of 
the ?rst and second services. In one example, the ?rst job is 
placed in the queue and a portion thereof is processed. 
Subsequently, the second job is placed in the queue and 
processing of the ?rst job is interrupted by the second job if 
the second value is greater in magnitude than the ?rst value. 

The aforenoted queuing approaches, While Well intended 
for their limited purposes, lack the sort of ef?cient queue 
management that is required to make multifunctional print 
ing systems having shared resources fully productive. Mul 
tifunction printing system’s capabilities and uses are 
expanding at an ever-increasing rate. It is desirable to 
provide a multifunctional printing system that gives 
improved productivity by utiliZing queue management at the 
capability and resource sub-job levels in order to maximiZe 
the productivity of the system. At the same time, it is 
desirable to provide a queue management system for a 
multifunctional printing system facilitating the ef?cient 
thruput of all types of jobs Which might be encountered by 
the multifunctional printing system. 

The Xerox Corporation Digital Copier Multifunction Sys 
tems comprising the DC 240 ST and the DC 265 ST include 
a Job Contention Manager Which provides queue manage 
ment at the Basic Job Service level. 

This approach has the ability to concurrently process 
sub-jobs Which do not con?ict at the basic resource level. 
For example, a scan sub-job and a mark sub-job can be 
carried out concurrently, hoWever, all the capabilities asso 
ciated With each basic resource for the sub-job are tied up 
until the sub-job is completed. 
A more productive approach as disclosed in US. patent 

application Ser. No. 09/450,145 (Attorney’s Docket No. 
690-008867-US (PAR)), to Salgado et al., entitled 
METHOD AND APPARATUS FOR MANAGING JOB 
CONTENTION FOR SYSTEM RESOURCES IN AN 
ELECTRONIC REPROGRAPHIC SYSTEM, ?led of even 
date hereWith, releases capabilities to other sub-jobs When 
they are not being used or are required by higher priority 
sub-jobs. This is accomplished by providing job contention 
management at the loWer level of capability job requests 
With both capability resource queues and basic resource 
queues. The present invention extends this prioritiZation 
approach to provide job streaming of a service’s job request 
for commonly shared resources. 

The disclosure of each patent or application mentioned or 
discussed in the above Background is incorporated herein by 
reference. 

SUMMARY OF THE INVENTION 

In accordance With the presently disclosed invention there 
is provided a method and apparatus for prioritiZing the use 
of multifunctional printing system’s basic processing 
resources to enable job streaming. Job streaming occurs 
When a service obtains a resource for consecutive jobs and 
processes these jobs Without any doWntime betWeen them. 
Improved performance and ef?ciency in processing jobs is 
provided by the process and apparatus of this invention. In 
some cases (eg marking), it is visible to the customer When 
a cycle doWn occurs betWeen jobs. Job streaming minimiZes 
this problem. 

In accordance With a preferred aspect of this invention, 
the printing system employs a controller With an improved 
job contention manager (JCM). 

The process in accordance With a preferred embodiment 
of the invention comprises providing each of a plurality of 
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basic resources of the printing system With a queue. One or 
more job services, at desired times, signals the JCM to carry 
out a sub-job of a given job. The signal for each of the 
sub-jobs includes information about the respective sub 
job’s, priority and its requesting job service. Responsive to 
the signal from the job service the JCM adds a correspond 
ing basic resource sub-job to the queues of each basic 
resource Which the sub-job Will require to perform the 
sub-job. The J CM provides for job streaming by placing a 
?rst of the sub-jobs in an “Active” state ready for 
processing, if the ?rst sub-job is at the top of all of the 
queues, of all the basic resource sub-jobs, required to 
perform the ?rst sub-job. The JCM then places a second of 
the sub-jobs Which immediately folloWs the ?rst sub-job in 
a basic job resource queue in an “Active” state ready for 
processing, if the ?rst and second basic job resources in the 
queue Were submitted by the same job service. 

In accordance With another alternative preferred embodi 
ment of the present invention there is provided a method of 
managing the processing of a plurality of jobs in a multi 
functional printing system in Which at least one ?rst job and 
at least one second job are inputted for processing at one or 
more job services. The process comprises providing a con 
troller With a job contention manager (J CM) for prioritiZing 
the printing system’s basic processing resources to enable 
job streaming. A plurality of capability resources are pro 
vided for carrying out the one or more job services. A 
plurality of basic resources of the printing system are also 
provided. Each capability resource contains a list of the 
basic resources it needs to carry out its capability and each 
basic resource contains a list of the capability resources that 
depend upon it. A job queue is provided for each capability 
resource and each basic job resource. 

Each respective job service, at a desired time, signals the 
J CM to carry out a sub-job of the respective ?rst and second 
jobs. The signal for each of the sub-jobs includes informa 
tion about the respective sub-job’s priority (FIFO or job 
based priority) and its requesting job service. Responsive to 
such a signal the JCM creates a capability sub-job contain 
ing the information and adds the capability sub-j ob, based on 
priority, to the queue of the respective capability resource. 
Responsive thereto, the J CM adds, based on priority, a basic 
resource sub-job to the queues of each basic resource Which 
the capability sub-job Will require. The J CM places a ?rst of 
the sub-jobs in an “Active” state ready for processing, if the 
?rst sub-job is at the top of all of the queues, of all the basic 
resource sub-jobs, required to perform the ?rst sub-job. The 
J CM then provides for job streaming by placing a second of 
the sub-jobs Which immediately folloWs the ?rst sub-job in 
a basic job resource queue in an “Active” state ready for 
processing, if the ?rst and second basic job resources in the 
queue Were submitted by the same job service. 

In accordance With another preferred embodiment of this 
invention an apparatus is provided for prioritiZing the use of 
multifunctional printing system’s basic processing 
resources. The apparatus employs a controller having a job 
contention manager (JCM). The apparatus includes: a plu 
rality of basic resources of the printing system With each 
such resource having a queue; signal means, for one or more 
job services, at desired times, to signal the J CM to carry out 
a sub-job of a given job, the signal for each of the sub-jobs 
including information about the respective job, the requested 
capability, and its priority. The JCM also includes: means 
responsive to the signal means for adding a corresponding 
basic resource sub-job to the queues of each basic resource 
Which the sub-j ob Will require to perform the sub-j ob; means 
for placing a ?rst of the sub-jobs in an “Active” state ready 
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for processing, if the ?rst sub-job is at the top of all the 
queues, of all the basic resources, required to perform the 
?rst sub-job; and means for providing job streaming by 
placing a second of the sub-jobs, Which immediately folloWs 
the ?rst sub-job in a basic resource queue, in an “Active” 
state ready for processing after the ?rst sub-job, if the ?rst 
and second basic job resources in said queues are submitted 
by the same job service. 
An alternative apparatus in accordance With a further 

preferred embodiment of this invention is provided for 
managing the processing of a plurality of jobs in a multi 
functional printing system in Which at least one ?rst job and 
at least one second job are inputted for processing at one or 
more job services. The apparatus includes a controller 
having a job contention manager (JCM) for prioritiZing the 
printing system’s basic processing resources. The apparatus 
comprises: a database Which is associated With the J CM. The 
database includes a plurality of capability resources for 
carrying out the one or more job services and a plurality of 
basic resources of the printing system, With each capability 
job resource containing a list of the basic resources it needs 
to carry out its capability and each basic job resource 
containing a list of the capability resources that depend upon 
it. The database includes a sub-job queue for each capability 
resource and each basic resource. Signal means are 

provided, for permitting each respective job service, at a 
desired time, to signal the J CM to carry out a sub-job of the 
respective ?rst or second jobs, With the signal for each of the 
sub-jobs including information about the respective job and 
its requesting job service and priority. 

The JCM also includes: means responsive to the signal 
means for adding a corresponding basic job resource sub-j ob 
to the queues of each basic resource Which the sub-job Will 
require to perform the sub-job; means for placing a ?rst of 
the sub-jobs in an “Active” state ready for processing, if the 
basic job resource for the ?rst sub-job is at the top of all the 
queues, of all the basic resources, required to perform the 
?rst sub-job; and means for providing job streaming by 
placing a second of the sub-jobs, Which folloWs the ?rst 
sub-job in a basic resource queue, in an “Active” state ready 
for processing after the ?rst sub-job, if the ?rst and second 
basic job resources in said queues are submitted by the same 
job service. 

The prioritiZation approach used by the J CM in the 
process and apparatus of this invention can be FIFO or a 
combination of FIFO and job based priority as desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of a netWorked digital copier 
suitable for receiving a job developed in accordance With the 
present invention; 

FIG. 2 is a block diagram depicting a multifunctional, 
netWork adaptive printing machine; 

FIG. 3 is a block diagram of a video control module for 
the printing machine of FIG. 2; 

FIG. 4 is a block diagram of a transfer module used in 
conjunction With the printing machine of FIG. 3; 

FIG. 5 is a block diagram of a facsimile card used in 
conjunction With the video control module of FIG. 3; 

FIG. 6 is a block diagram of a netWork controller for the 
printing machine of FIG. 2; 

FIG. 7 is an elevation vieW of a queue used to store jobs 
pursuant to processing thereof; 

FIG. 8 is a schematic vieW shoWing the signal interaction 
betWeen the Basic Job Service (BJS) and the J CM. 
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8 
FIGS. 9, 10 and 11 comprise a schematic ?oW diagram 

depicting the manner in Which jobs progress in a FIFO 
priority approach as a function of a preferred aspect of a 
contention management scheme embodied in the present 
invention. 

FIGS. 12, 13, and 14 comprise a schematic ?oW diagram 
depicting the manner in Which jobs progress in a job based 
priority approach as a function of another preferred aspect of 
a contention management scheme embodied in the present 
invention 

FIG. 15 comprises a more detailed schematic ?oW dia 
gram depicting the manner in Which element 126 in FIGS. 
9 and 12 carries out the job streaming function of this 
invention. 

DESCRIPTION OF THE INVENTION 

While the present invention Will hereinafter be described 
in connection With a preferred embodiment thereof, it Will be 
understood that it is not intended to limit the invention to 
that embodiment. On the contrary, it is intended to cover all 
alternatives, modi?cations and equivalents as may be 
included Within the spirit and scope of the invention as 
de?ned by the appended claims. 

Referring to FIG. 1 of the draWings, there is shoWn a 
digital copier system of a knoWn type suitable for use With 
a preferred embodiment of the invention. As shoWn, the 
system includes a document feeder 1 and an operation (and 
display) panel 2. After desired conditions have been entered 
on the operation panel 2, the document feeder 1 conveys a 
document to a predetermined reading position on an image 
reading device 3 and, after the document has been read, 
drives it aWay from the reading position. The image reading 
device 3 illuminates the document brought to the reading 
position thereof. The resulting re?ection from the document 
is transformed to a corresponding electric signal, or image 
signal, by a solid state imaging device, e.g., a CCD (Charge 
Coupled Device) image sensor. An image forming device 4 
forms an image represented by the image signal on a plain 
paper or a thermosensitive paper by an electrophotographic, 
thermosensitive, heat transfer, ink jet or similar conventional 
system. 
As a paper is fed from any one of paper cassettes 7 to the 

image on forming device 4, the device 4 forms an image on 
one side of the paper. AdupleX copy unit 5 is constructed to 
turn over the paper carrying the image on one side thereof 
and again feed it to the image forming device 4. As a result, 
an image is formed on the other side of the paper to complete 
a dupleX copy. The dupleX copy unit 5 has customarily been 
designed to refeed the paper immediately or to sequentially 
refeed a plurality of papers stacked one upon the other, from 
the bottom paper to the top paper. The papers, or dupleX 
copies, driven out of the image forming device 4 are 
sequentially sorted by a output device 6 in order of page or 
page by page. 

Applications, generally 8, share the document feeder 1, 
operation panel 2, image reading device 3, image forming 
device 4, dupleX unit 5, output device 6, and paper cassettes 
7 Which are the resources built in the copier system. As Will 
appear, the applications include a copier application, a 
printer (IOT) application, a facsimile (Fax) application and 
other applications. Additionally, the digital copier system is 
coupled With a netWork by Way of a conventional netWork 
connection 9. 

Referring to FIG. 2, a multifunctional, netWork adaptive 
printing system is designated by the numeral 10. The print 
ing system 10 includes a printing machine 12 operatively 






























